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Charge amounts were estimated by integrating the charge and discharge curves, and the amounts were converted to specific capacities; specific charge capacities were 12, 20, and 66 mF/g, specific discharge capacities were 11, 18, and 63 mF/g for MP, CP, and ZP gels, respectively.
The hydrogels have no differences of capacities and high-rate capabilities between charge and discharge. Figure 3 shows charge-discharge curves at the 50th cycle of the EDLC cells with electrolytes consisting of MP, CP, and ZP gels.
Three charge-discharge curves are almost linear triangular shapes such as a typical EDLC, but the charge and discharge curves are distorted slightly by overvoltage due to high internal resistance of EDLC cells. 10 The internal resistance of EDLC cell is expected to decrease with decreasing the thickness of the cell. Specific charge and discharge capacities were estimated to be 7, 19, and 52 mF/g for MP, CP, and ZP gels, respectively. These specific capacities are corresponding to those obtained from cyclic voltammogram. Each cell with electrolyte consisting of the hydrogel shows a slow self-discharge curve; open circuit potentials after 24 hours are 0.36, 0.47, and 0.58 V for MP, CP, and ZP gels, respectively. Two-step discharge process, that is, a fast discharge in the initial 6 hours and a slow discharge after 6-24 hours, are observed in the curves of the hydrogels.
The EDLC cell consisting of ZP gel shows much higher capacity than that consisting of MP or CP gel and the most excellent self-discharge behavior. This is suggested to originate from differences among properties of bivalent metal ions in the hydrogels. The hard-soft acid-base (HSAB) principle gives a definition that central metal ions; ligands of complex are classified into Lewis acids and Lewis bases, respectively.
Its bold Lewis acid/base statement "soft likes soft; hard likes hard" may be widely used .14 In the HSAB principle, Zn2+ ion is classified as a "borderline" and Mg and Ca2+ ions a re classified as "hard acids" .15 H2O, OH-, and PO43-ions in the hydrogels are classified as "hard bases". Zn2+ ion may be more polarizable in the hydrogel than Mg2+ and Ca2+ ions; ZP gel has an high ability to store an electric charge.
ZP gel is the most promising 
